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A transiting planet among 23 new near-threshold candidates from 
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Abstract. By re-processing the data of the second season of the OGLE survey for planetary transits and adding new mesure- 
ments on the same fields gathered in subsequent years with the OGLE telescope, we have identified 23 new transit candidates, 
recorded as OGLE-TR-178 to OGLE-TR-200. We studied the nature of these objects with the FLAMESAJVES multi-fiber 
spectrograph on the VLT. One of the candidates, OGLE-TR-182, was confirmed as a transiting gas giant planet on a 4-day 
orbit. We characterised it with further observations using the FORSl camera and UVES spectrograph on the VLT. OGLE- 
TR-182b is a typical "hot Jupiter" with an orbital period of 3.98 days, a mass of 1.01 ±0.15 Mj„p and a radius of 1.13 ^{J^g 
Kjiip. Confirming this transiting planet required a large investment in telescope time with the best instruments available, and we 
comment on the difficulty of the confirmation process for transiting planets in the OGLE survey. We delienate the zone were 
confirmation is difficult or impossible, and discuss the implications for the Corot space mission in its quest for transiting telluric 
planets. 

Key words, planetary systems ~ stars: individual: OGLE-TR-182 



1. Introduction 

Transiting extrasolar planets are essential to our understand- 
ing of planetary structure, formation and evolution outside 
the Solar System. The observation of transits and secondary 
eclipses gives access to such quantities as a planet's true mass, 
radius, density, surface temperature and atmospheric spec- 
trum. The first transiting exoplanet was identified in 1999 
around HD 209458. In the past three years, transiting exo- 
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* Based on observations made with the FORSl camera and the 
FLAMES/UVES spectrograph at the VLT, ESO, Chile (programmes 
07.C-0706 and 177.C-0666) and 1.3-m Warsaw Telescope at Las 
Campanas Observatory, Chile. 



planet have been found in rapidly increasing number, both h 
radial velocity planet searches and by photometric survey; 
The OGLE s earch for transiting pl anets and low-mass stellar 



I 



companions (lUdalski et al.L l2002al) has been the first photo- 



metric transit survey to yield results. The first three seasons of 
photometric observations have r evealed 137 transit candidates 



(.Udalski et al.„ .2002a,t).a 2003[). among which 5 planets were 
found dKonacki et all 120031: iBouchv et all 12004; IPont et al ' 



2004 UKonacki et al.1 12004 iBouchy et all 120051: iKonacki et al 



2005), as well as two planet-sized low-mass stars (Pont et al 



2 005b[l2006ah . Three further seasons of the OGLE transit 



For an updated list see obswww.unige.ch/~pont/TRANSITS.htm 
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vey have now been completed and await publication (Minniti 
et al., Udalski et al., in prep.). 

The spectroscopic follow-up of most of the 137 first 
OGLE tran sit candidates, presented in lBouchv et al. ( 2005 1) and 
Pont et al. I (HoOSa), has shown that the vast majority of the 
transit candidates were eclipsing binaries. A rate of one tran- 
siting planet for 10-20 eclipsing binaries is typical. A higher 
rate of planets can be found among candidates near the de- 
tection threshold. Two of the five planets from the OGLE sur- 
vey, OGLE-TR-56 and OGLE-TR-132, were identified as can- 
didates only after th e application of a m ore sensitive transit 



detection algorithm jKovacs et al.L 120021) . However, lowering 



the detection threshold comes at the price of including some 
false positives of the detection procedure. The objective of the 
present study is to explore the regime near the detection thresh- 
old, the zone where the ratio of planets to eclipsing binaries will 
be more favourable than for deeper transit signals, but where 
the reality of the signal itself is not beyond doubt. The explo- 
ration of this zone is relevant not only to identify new transiting 
planets in the OGLE survey, but also because other transit sur- 
veys will face similar issues, notably the CoRoT and Kepler 
space-based transit searches. 

2. Candidate selection 



The observations described in lUdalski et al.l (l2002bh were 
pooled with more recent data obtained on the same field with 
the OGLE telescope. The data consists of 1200-1400 measure- 
ments of ~ 10^ stars, spread over 3 years, on 1 .25 x 1 .25 degree 
fiel ds in t he Carina section of the Galactic plane. 



Pont et al. (.2006b.) have examined the behaviour of the de- 



tection threshold in ground-based photometric transit surveys, 
with a closer focus on the OGLE survey, and shown how the 
presence of unaccounted trends and systematics in the pho- 
tometric data define the detection threshold and can impede 
the detection of most transiting planets in the sample. Several 
schemes have been devised to remove trends of unknown origin 
in transit-search photo metric times s e ries, i ncluding the "Trend 
filtering algorithm" of Kovacs et al. I (l2005h . and the "Sysrem" 
algorithm of Tamuz et al. C2005i) . The principle of these al- 
gorithm is that the dataset is examined as a whole for sys- 
tematic eff'ects that affect all lightcurves in a similar manner, 
modulo different coefficients for each object. The Sysrem al- 
gorithm calls the effects "generalized airmasses" and the coef- 
ficients "generalised colours". In the same way that an airmass 
X colour term is fitted to each lightcurve to remove differential 
refraction effects in photometry, the algorithm finds multiplica- 
tive effects (whose origin need not be known) affecting each 
lightcurve differently. 

We applied the "Sysrem" algorithm to the OGLE data, 
then ran an u pdated version of the BLS transit-search algoritm 



Kovacs et al.l Q^2). We examined the most significant candi- 
dates identified, and built a list of 23 candidates for follow-up. 
We attempted to place the selection threshold low enough so 
as to reach the level were false positives and real transits are 
found in comparable numbers. 

The relevant characteristics of the 23 candidates are listed 
in Table [T] They are named according to the usual convention 



of the OGLE transit survey. The finding charts and lightcurves 
are available on the OGLE website. 

3. FLAIVIES observations and results 

Spectroscopic observations of the candidates were obtained 
during four half-nights with the FLAMES multi-fiber spectro- 
graph in 24-28 February 2006 (ESO 07.C-0706). One candi- 
date, OGLE-TR-182, turned out to be especially interesting 
and was followed during the ESO Large programme on OGLE 
transits (ESO 177.C-0666). It is considered in more details in 
Section g] 

The FLAMES spectrograph has been used to detect or char- 
acterise the five previous planets from the OGLE survey. The 
relevant details, as well as the methods to sort out transiting 
planets from eclipsing b inaries and other typ es of false pos 



itives, can be found in iBouchv et al.l (120051) and iPont et al 



(l2005ah . 

Since we had very poor weather throughout our VLT run, 
we resorted to a "fast track" approach of dropping candidates as 
soon as it was clear that they were not detectable planets, before 
their actual nature was solved. After one spectroscopic mea- 
surement, candidates with broadened spectral Unes, shallow 
lines or double-lined spectra were dismissed (probable eclips- 
ing binaries or blends). After two spectra, candidates varying 
by more than a few km s ' were also dismissed. Therefore, un- 
like for previous seasons, we did not resolve the nature of the 
non-planetary candidates. In particular, we did not determine 
the ratio of eclipsing binaries to pure false positives in our sam- 
ple. 

Nine candidates were not observed. Three because they 
were fainter than / = 16.5. Prohibitive observing time is needed 
to confirm a planet at such magnitudes. Six because they were 
situated at isolated locations on the sky, requiring a FLAMES 
setup to observe only one object, and they were not among the 
highest-priority candidates. 

Of the fourteen remaining candidates, only one candidate 
survived the initial screening. It was monitored in 2006 and 
2007, with FLAMES in radial velocity, in photometry with the 
FORS camera, and in spectroscopy with UVES in slit mode 
(see Section |4]i. The status of the other candidates after the 
spectroscopic follow-up is given in Table |2] 

4. Analysis of OGLE-TR-182 

The planetary transit candidate OGLE-TR-182 is an / = 15.86 
magnitude star in Carina. Its coordinates are given in Table [T] 
and a finding chart is shown on Fig.[T] 

4.1. Photometric observations 

The preliminary photometric ephemeris of OGLE-TR-182 was 
based on a series of transits observed during the original OGLE 
run caiTied out in the 2002 observing season. Because the or- 
bital period is very close to an integer number of days, transits 
observed from a given geographical location occur in observing 
windows separated by long gaps when only non-transit phases 
are available for observations. No trace of additional transits 
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Name 




Coordinates 
[2000] 




/ 

[mag] 


Period 
[days] 


Epoch 

[JD-2450000] 


Depth 


SDE 


N„- 


n,r 


OGLE-TR- 


178 


11:07:35.25 


-61:21:35.9 


16.56 


2.97115 


2547.66173 


0.016 


26.05 


19 


134 


OGLE-TR- 


179 


11:09:10.99 


-61:21:44.4 


15.13 


12.67106 


2554.79150 


0.034 


20.19 


4 


26 


OGLE-TR- 


180 


11:07:15.36 


-61:16:02.7 


16.74 


1.99601 


2546.29696 


0.012 


17.75 


34 


105 


OGLE-TR- 


181 


11:09:26.34 


-61:08:21.8 


16.29 


2.38960 


2550.18511 


0.010 


11.09 


44 


10 


OGLE-TR- 


182 


11:09:18.84 


-61:05:42.8 


15.86 


3.98105 


2551.70430 


0.010 


17.68 


10 


79 


OGLE-TR- 


183 


11:07:05.34 


-61:01:07.1 


15.32 


4.78217 


2543.17799 


0.015 


10.28 


2 


15 


OGLE-TR- 


184 


11:07:24.29 


-60:58:03.7 


15.57 


4.92005 


2549.73531 


0.015 


12.10 


12 


45 


OGLE-TR- 


185 


11:07:30.06 


-60:53:12.4 


16.72 


2.78427 


2547.66899 


0.035 


12.43 


8 


27 


OGLE-TR- 


186 


11:08:12.56 


-60:51:16.9 


16.54 


14.81481 


2559.90618 


0.054 


17.10 


3 


19 


OGLE-TR- 


187 


11:06:17.33 


-60:51:11.7 


14.07 


3.45686 


2554.41237 


0.008 


10.13 


6 


15 


OGLE-TR- 


188 


11:06:23.98 


-60:56:16.7 


16.38 


6.87663 


2554.10247 


0.031 


11.43 


5 


16 


OGLE-TR- 


189 


11:04:40.23 


-61:21:57.4 


15.03 


1.73937 


2549.22368 


0.006 


13.59 


21 


120 


OGLE-TR- 


190 


11:06:18.65 


-61:16:18.8 


16.06 


9.38262 


2549.20966 


0.043 


10.54 


4 


17 


OGLE-TR- 


191 


10:57:44.85 


-61:49:20.2 


15.57 


2.51946 


2561.57557 


0.007 


10.23 


11 


40 


OGLE-TR- 


192 


10:57:35.48 


-61:34:30.5 


14.41 


5.42388 


2557.36624 


0.008 


7.69 


6 


16 


OGLE-TR- 


193 


10:59:33.97 


-61:23:16.7 


14.99 


2.95081 


2557.80469 


0.008 


13.47 


14 


41 


OGLE-TR- 


194 


10:55:50.15 


-61:35:37.5 


14.69 


1.59492 


2557.15087 


0.006 


17.17 


23 


92 


OGLE-TR- 


195 


10:56:41.30 


-61:32:06.2 


14.19 


3.62174 


2557.71767 


0.006 


10.00 


11 


54 


OGLE-TR- 


196 


10:56:15.91 


-61:51:30.9 


15.57 


2.15540 


2557.61541 


0.012 


12.03 


11 


40 


OGLE-TR- 


197 


10:54:47.17 


-61:22:03.9 


14.59 


2.40587 


2607.54146 


0.019 


19.36 


14 


68 


OGLE-TR- 


198 


10:52:07.33 


-61:22:07.1 


15.44 


13.63141 


2616.90713 


0.018 


13.78 


4 


33 


OGLE-TR- 


199 


10:50:32.77 


-61:35:17.1 


14.88 


8.83470 


2603.09783 


0.017 


13.65 


3 


19 


OGLE-TR- 


200 


10:50:56.51 


-61:55:53.3 


15.63 


6.48845 


2606.06723 


0.023 


16.96 


4 


25 



Table 1. Planetary and low-mass star transit candidates. SDE is the significance indicator of the iKovacs et al. I (12002 ') transit 
detection algorithm - the signal-to-noise ratio of the transit detection. Ni,- is the number of transits covered by the photometric 
measurements, and n,r the number of data points in the transit. 




observing season. Although the transit signal was not caught 
again, the collected photometry together with spectroscopic 
timing allowed to strictly constrain the possible transit occur- 
rence. The VLT photometric time allocated in May and June 
2007 to our project was used to catch the new series of tran- 
sits of OGLE-TR-182 and derive a much more precise tran- 
sit shape. With five years of baseline, the derived photometric 
ephemeris is now very secure. 

Complete coverage of the transit of OGLE-TR-182 was ob- 
tained with the FORS camera on the VLT, in the nights of May 
22, June 6 and June 18, 2007. The observation strategy was 
identical to that used for OGLE-TR-10 and OGLE-TR-56 in 



Pont et alj ( l2007i) . The time series are shown in the middle and 



bottom panels of Figure |2l Exposure were taken every minute 
and the typical photon noise is 2 mmag. The reduction was 
carried out with the OGLE pipeline. The data are available on 
request to the authors. 



Fig. 1. Finding chart for OGLE-TR-182 in the I-band acquired 
with the VLT. The field is 50'x50', North is up and East to the 
left. The star does not show any nearby neighbours >5 magni- 
tudes fainter. 

were found in the OGLE data from the remaining observing 
seasons. 

To refine the ephemeris and confirm that the candidate tran- 
sit signal from 2002 was not a false positive, an extensive hunt 
for additional transits was carried out by OGLE in the 2007 



4.2. Radial-velocity observations 

The target OGLE-TR-182 was observed 20 times with 
FLAMES/UVES. The resuling radial velocity measurements 
are given in Table [3] A periodic variation is found in radial 
velocity of OGLE-TR-182 with a period (P^ 3.979 days) and 
phasing compatible with the photometric signal. Because of the 
period very close to 4 days, measurements had to be spread 
over two seasons to cover a sufficient part of the phase. 

From an analysis of the FLAMES measurements over all 
the objects followed during our runs, we find that systematics 
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Name 




Results 


Date 


VR 




OGLE-TR- 


178 


faint target, not observed 


[JD-2450000] 


[km,s-'] 


[kms-'] 


OGLE-TR- 


179 


flat CCF 


3791.744140 


22.413 


0.040 


OGLE-TR- 


180 


faint target, not observed 


3793.662311 


22.250 


0.112 


OGLE-TR- 


181 


fast rotator (synch.?) 


3793.763507 


22.212 


0.054 


OGLE-TR- 


182 


transiting planet 


3794.713268 


22.339 


0.040 


OGLE-TR- 


183 


fast rotator (synch.?) 


3794.873518 


22.252 


0.043 


OGLE-TR- 


184 


fast rotator (synch.?) 


3800.801722 


22.468 


0.039 


OGLE-TR- 


185 


fast rotator (synch.?) 


3852.540037 


22.317 


0.048 


OGLE-TR- 


186 


faint target, not observed 


3853.575399 


22.189 


0.041 


OGLE-TR- 


187 


double-lined spectroscopic binary 


3854.499952 


22.295 


0.040 


OGLE-TR- 


188 


blend of two line systems 


3856.619260 


22.451 


0.045 


OGLE-TR- 


189 


not observed 


3858.616679 


22.406 


0.041 


OGLE-TR- 


190 


not observed 


3859.727660 


22.461 


0.058 


OGLE-TR- 


191 


fast rotator (synch.?) 


4141.610000 


22.400 


0.030 


OGLE-TR- 


192 


flat CCF 


4143.780490 


22.191 


0.047 


OGLE-TR- 


193 


not observed 


4144.743801 


22.325 


0.047 


OGLE-TR- 


194 


flat CCF 


4144.773062 


22.256 


0.041 


OGLE-TR- 


195 


not obseved 


4145.774175 


22.504 


0.072 


OGLE-TR- 


196 


fast rotator (synch.?) 


4148.651117 


22.330 


0.045 


OGLE-TR- 


197 


flat CCF 


4149.777455 


22.454 


0.050 


OGLE-TR- 


198 


not observed 


4150.739605 


22.452 


0.041 


OGLE-TR- 
OGLE-TR- 


199 
200 


single-lined spectroscopic binary 
not observed 


Table 3. Radial velocity measurements for OGLE 



Table 2. Results of the spectroscopic follow-up. Synch. ?: pos- 
sible synchronous rotation with the period of the transit signal, 
indicating an eclipsing binary. Flat CCF: no signal in the cross- 
correlation function, indicating a fast-rotating star or early-type 
star. 



1.01 

1 

0.99 
0.98 



1 

0.99 
0.96 






0.4 0.6 
Phase 



-0.05 

Phase 



Fig. 2. Lightcurve of OGLE-TR-182 with the OGLE telescope 
(top) and the FORSl camera on the VLT on June 6 (middle) 
and June 18 (bottom) 2007. 

zero-point shifts with r.m.s. 40-60 m s ' need to be added in 
quadrature to the photon-noise radial velocity uncertainties to 
account for the o bserved residuals. Th is is higher than in our 
2004 previous run Bou chy et al. I (12004). We attribute this to the 
very poor weather conditions in most of our runs and to the fact 



Fig. 3. Radial velocity observations for OGLE-TR-182, phased 
with the photometric transit signal. 



that the data acquisition was spread over different runs sepa- 
rated by several months, with some possible contribution from 
stellar activity. 

The evolution of the spectral lines shape was examined to 
rule out blend scenarios. No line bisector variation correlated 
with radial velocity or orbital phase was observed. 

4.3. Spectroscopic observations 

OGLE-TR-182 was observed for a total of 7 hours in service 
operation in the summer of 2007 with UVES in slit mode, in 
order to acquire a high signal-to-noise spectrum for the de- 
termination of atmospheric parameters (total S/N ~ 90). The 
UVES spectra are not suitable for precise radial velocity mea- 
surements, because in slit mode centering offsets on the sky 
translate to large velocity zero-point changes. 
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Th e reduction s t rategy and data analysis were identical to 



that in Santos et al. I (l2006h . The resulting temperature, metal- 



the link betwe en mass and period for close-in gas giants first 
pointed out bv lMazeh et all (l2005l) . 



licity and gravity are given in Table |4] 
4.4. Transit analysis 

A transiting planet signal was fitted to the photometry and ra- 
dial velocity, asssuming a null orbital eccentricity. No sign of 
non-zero eccentricity is observed in the radial velocity data or 
in the timing of the transits compared to the radial velocity or- 
bit. Since nearly all short-period planets have been circularized 
by tidal interactions, it is justified to assume a circular orbit 
unless there are clear i ndications of the contrary. We used the 
Mandel & Agolj (120021) description of transit profiles with the 
Claret) (120001) limb-darkening coefficients. We determined the 
uncertaint ies accou nting for the photometric red noise as pre- 
scribed in lPont et al. (2006b). Since no complete transit with a 
sufficient out-of-transit baseline was observed, we derived the 
estimates of the stellar mass and radius sol ely from the compar- 
ison of the spectroscopic parameters with iGirardi et alj (120021) 
stellar evolution models by maximum-likelihood. The resulting 
parameters for the system are given in Table H] 



Period [days] 

Transit epoch [JD] 

VR semi-amplitude [m/s] 

Semi-major axis [AU] 

Radius ratio 

Orbital angle ["] 



<-// 



[K] 



logs 

rj [kms"'] 
[Fe/H] 

Star radius [Rq] 
Star mass [Mq] 

Planet radius [R ,] 
Planet mass [My] 



3.97910 ± 0.00001 
2454270.572 ± 0.002 
120+ 17 
0.051 +0.001 
0.102 + 0.004 
85.7 + 0.3 

5924 + 64 
4.47+0.18 
0.91+0.09 
0.37+-0.08 

I 14 +0.23 
'^■^^ -0.06 

1.14 + 0.05 



1 1 T +0.24 
^•^-^ -0.08 

1.01 +0.15 



Table 4. Parameters for the OGLE-TR-182 system 



5. Discussion 

5.1. OGLE-TR-182b as a transiting planet 

The companion of OGLE-TR-182 has parameters typical of the 
planets detected by photometric transit surveys in all respects: 
it orbits a high-metallicity dwarf star, it has a mass compara- 
ble to that of Jupiter and a sUghtly larger size. Its period is 
close to an integer number of days, reflectin g the str ong selec- 
tion bias due to the window function (see e.g. lPont et al.. 2004 
about OGLE-TR- 1 1 1 another P ~ 4 days transiting planet). 
At present, the constraint on the planetary radius is not suffi- 
cient to determine whether its radius corresponds to model ex- 
pectations or whether is belongs to the set of anomalously large 
transiting hot Jupiters. Its position in the mass-period diagram 
is also similar to other known transiting planets, and reinforces 



5.2. The "Twilight Zone" of transit surveys 

The confirmation follow-up process for OGLE-TR-182 neces- 
sitated more than ten hours of FLAMES/VLT time for the ra- 
dial velocity orbit, plus a comparable amount of FORS/VLT 
time for the transit lightcurve. In addition, several unsuccessful 
attempts were made to recover the transit timing in 2007 with 
the OGLE telescope, and 7 hours of UVES/VLT were devoted 
to measuring the spectroscopic parameters of the primary. This 
represents a very large amount of observational resources, and 
can be considered near the upper limit of what can be reason- 
ably invested to identify a transiting planet. 

Therefore, OGLE-TR-182 is a useful object to quantify the 
zone were neither the photometric signal nor the radial velocity 
signal are clear beyond doubt, the "twilight zone" of planetary 
transit candidate confirmation. In these cases, confirming the 
nature of the system is very difficult and time consuming. When 
the photometric signal is a possible false positive, a clear radial 
velocity orbit at the same period is an essential confirmation — 
as wa s for instance the case for OGLE-TR-132 (B ouchy et al.L 
20041) . On the other hand, when the radial velocity signal is 
marginal, a clear transit signal allows the phase and period of 
the orbit to be determined with confidence, reducing the radial- 
velocity orbit fit to a two-parameter problem (Vq, the systemic 
velocity, and K, the orbit al semi- amplitude) — as was the ca se 
for OGLE-TR-10 ( Bouchy et al.L l2005; Konacki et al.Ll2005b . 

However, when both the photometric and spectroscopic sig- 
nals are marginal, many more observations are necessary until 
reasonable certainty can be achieved about the presence of a 
planetary companion. The uncertainties on the lightcurve make 
it difficult to phase the radial velocity data. The high radial ve- 
locity uncertainties hinder the identification of an orbital mo- 
tion with the correct period, and the elimination of eclipsing 
binary blend scenarios 

The OGLE survey is the first to explore this "twilight 
zone" in real conditions, since other ground-based surveys tar- 
get brighter stars, for which very precise radial velocities can 
be obtained, so that the significance of t he radial velocity signa l 
can be established relatively easily (e.g. lCameron et al.ll2007n . 
Based on the cases of OGLE-TR-10, OGLE-TR-132 an d 
OGLE-TR-182, and on the discussion in ' Pont et all (l2006bt) . 
we define the limits of the follow-up twilight zone as follows: 
- photometric transit detection with 8 < 5^ < 12, where S ,- is 
the tra nsit signifi cance in the presence of red noise (see defini- 
tion in 



Pont et a l., 2006b) 



- radial velocity orbital semi-amplitude 1-2 times the radial 
velocity uncertainties for 1-hour exposures with the facilities 
available: cr,,,. < K < 2 ■ cr^.r 

These limits can be translated, for a circular orbit and a 
central transit, into limits on the radius and mass of the planet. 
Figure|4]shows the "observational" mass-radius diagram for the 
known transiting exoplanets. The horizontal axis is the planet 
mass divided by mJ^^P''^, to make it proportional to the ob- 
served radial velocity semi-amplitude {"K"). The vertical axis 
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Fig. 4. "Observational" mass-radius plot for known transiting exoplanets. The horizontal axis is the planet mass, scaled to 
^2/3pi/3^ proportional to the radial-velocity semi-amplitude K. The vertical axis is the planet radius scaled to the host star 
radius, related to the depth of the photometric transit signal. "TR-" labels refer to OGLE candidates (closed symbols). Open sym- 
bols mark the position of other known transiting planets. The star symbol marks the best-fit location of another unsolved planet 
candidate from the third OGLE season. The gray bands show the near-threshold zones for the photometric detection (horizontal) 
and the spectroscopic confirmation (vertical) in the case of the OGLE survey. The dashed area is the "twilight zone" defined in 
the text, where confirmation is problematic. 



is the planet radius divided by the radius of the star, to make 
it proportional to the squareroot of the transit depth (at wave- 
lengths where stellar limb darkening can be neglected). The 
units are such that a Jupiter-sized planet transiting a solar-sized 
star on a 4-day orbit will be placed at (1;1). Objects at similar 
positions in this plot will present similar challenges for confir- 
mation. The "TR-" labels refer to OGLE candidates, the other 
unmarked points are transiting planets from other surveys. The 
gray horizontal band is the zone where the transit detection is 
near the detection threshold, the vertical band is the zone where 
the radial velocity orbital signal is near the threshold. The in- 
tersection of the two, delimited by the dashed lines, represents 
the "twilight zone" for t he OGLE s i irvey. W e use a red noise 
level of (Tr - 3 mmag ( Pont et al. , 2006bl) . a radial velocity 
uncertainty of 60-70 m/s (photon noise plus systematics), and 
assume that 5-10 transits are observed by the photometry. We 
fmdO.85 <Rpi/R, < 1.20 and 0.45 < Mp,l M.-^l^p-^'^ < 1.05 
[M]Mq-^I^(A days)-i/3] for the zone boundaries. Candidates in 
this zone will be very difficult or impossible to confirm. On the 
left of the zone, radial velocity confirmation is out of reach. 



and below, the transit signal is below the photometric detection 
threshold. 

The twilight zone for the OGLE transit survey encompasses 
the region in the mass-radius diagram corresponding to a nor- 
mal hot Jupiter around a solar-type star. Hence the difficulty of 
the OGLE survey to detect transiting gas giants unless they are 
exceptionally heavy with a very short period like OGLE-TR- 
56, OGLE-TR-113 and OGLE-TR-132, or have an exception- 
ally high radius ratio like OGLE-TR- 111. 

The planetary transit system OGLE-TR-10 is also located 
within the zone, and indeed confirmation of its planetary nature 
requi red large investment s in follow- up means both with the 



VLT (iBouchy et al.L l2005h and Keck (iKonacki et al.L l2005h 8- 



10 meter telescopes. 

As a further illustration of the extent of the zone, the plot 
shows the position of another candidate from the OGLE survey, 
yet unsolved despite extensive measurements with FLAMES 
and FORS. The radial velocity data is compatible with a plan- 
etary orbit, but many more observations would be required to 
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confirm it securely. The best-fit planetary solution for this ob- 
ject is plotted on Fig.|4] 

In the wider context of transit searches in general, it is in- 
teresting to find where the "twilight zone" is located for differ- 
ent surveys, especially the space-based transit searches CoRoT 
and Kepler. For wide-field, small-camera surveys like HAT, 
WASP, XO and TrES, the twilight zone is not an important is- 
sue. Because the candidates are brighter, standard planet-search 
spectrographs can be used for the radial velocity follow-up, and 
the zone moves to the left of the mass-radius diagram, in a 
region were no planets are expected (low-mass, Jupiter-sized 
planets). In other words, if a planet is large enough to be de- 
tected by these surveys, it produces a radial velocity signal that 

is easily picked up by Doppler spectrogra phs. 

l2006h 



Deeper surveys like SWEEPS (ISahu et al 



and 

planet searches in star clusters also have no twilight zone prob- 
lem, for the opposite reason: their candidates are too faint to be 
confirmed in radial velocity for Jupiter-like planetary masses. 

In the case of the CoTJoT space transit search, the zone will 
be located in a key positio n. In planet radius, it is expected to 
cover the 2-4 R^, range (see Mou tou et all 120051) for the bright- 
est targets. In planet mass, using the HARPS spectrograph, it 
will be in the 5-20 range, for short periods. This is a zone 
were planets are thought to be numerous, the domain of the 
"hot Neptunes" and "super-Earths". Indeed, the detection of 
this type of planets constitutes the main objective of the CoRoT 
planetary transit search. From our experience with the OGLE 
follow-up, we therefore conclude that the CoRoT mission will 
face similarly difficult cases in the confirmation process of tran- 
siting planets. The telescope time necessary for the follow-up 
of these candidates should be adequately evaluated. The OGLE 
follow-up process can provide some useful guidelines. 
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